Searching PAJ 



1/1 X— v 



PATENT ABSTRACTS OF JAPAN 



(1 1 Publication number : 1 0-1 421 69 

(43)Date of publication of application : 29.05.1998 



(51)Int.CI. 




G01N 22/04 




1 

(21)Application number 


: 08-313133 


(71)Applicant 


KAO CORP 


(22)Date of filing : 


07.11.1996 


(72)Inventor : 


NAITO SATOSHI 








HOSHI MASATO 



(54) MULTIPROBE FOR DIELECTRIC RELAXATION MEASUREMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a multiprobe by which 
the concentration of moisture in a sample is measured 
nondestructively, within a practical measuring time, with good 
accuracy and simply when the concentration is measured 
according to a dielectric relaxation measurement by a time 
domain reflection(TDR) method or the like. 
SOLUTION: A multiprobe 1 A with a plurality of built-in 
electrodes 2, for dielectric relaxation measurement, each of 
which is composed of a core-shaped internal electrode and 
of an external electrode arranged coaxially via an insulator 
and in each of which the tip face of the internal electrode 
and the tip face of the electrode are used as a contact face 
with a sample is used as a probe for dielectric relaxation 
measurement. Electric length of the plurality of electrodes 
which are installed inside the multiprobe 1A are made 
different from each other or equal to each other. 
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2.**** shows the word which can not be translated. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The multi-probe for dielectric relaxation measurement with which the electrode for 
dielectric relaxation measurement with which it consists of a core wire-like internal electrode and an 
external electrode arranged on the internal electrode in the shape of the same axle through the 
insulator, and the apical surface of an internal electrode and the apical surface of an external 
electrode turn into the contact surface over a sample is characterized by preparing more than one in 
one probe. 

[Claim 2] The multi-probe for dielectric relaxation measurement according to claim 1 with which the 
electric merits of two or more electrodes prepared in one probe differ mutually. 

[Claim 3] The electric length of two or more electrodes prepared in one probe is an equal multi-probe 
for dielectric relaxation measurement according to claim 1 mutually. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the probe for dielectric relaxation measurement 
which makes it possible to search for concentration distribution of the moisture of the depth 
direction in a sample by measuring the dielectric constant of a sample. In order to raise measurement 
effectiveness especially, the electrode which measures the dielectric constant of a sample is related 
with the multi-probe for dielectric relaxation measurement formed in one probe. [ two or more ] 
[0002] 

[Description of the Prior Art] Generally, the property of the sample which contains water like the skin 
or food is greatly influenced by the moisture content. Therefore, measurement of the moisture 
content of these samples becomes useful [ when grasping the property and condition of a sample, it 
is useful, and ], also when evaluating the engine performance of the chemical applied to the sample, 
cosmetics, etc. 

[0003] Then, the various water measurement approaches are proposed and used from before. For 
example, generally as a measuring method of the moisture of sample surfaces, such as the skin, the 
RF impedance method is used. However, since the RF impedance method is not observing the 
behavior of the water of a sample surface directly, there are many factors which affect measured 
value in addition to the moisture of a sample surface, and a problem is in repeatability. Moreover, the 
information acquired by the RF impedance method also has the problem that it is ambiguous what the 
depth of a thing it is, from a sample front face. Furthermore, by this approach, information about the 
condition of the water whether to be free water or to be bound water cannot be acquired, either. 
[0004] On the other hand, as the water measurement approach of a sample surface, the dielectric 
constant of a sample surface is measured and the approach of measuring the dielectric relaxation of 
the water which exists there is proposed. As a measuring method of dielectric relaxation, although 
there are a frequency-domain measuring method and a time domain reflection method (it abbreviates 
to the TDR method (Time Domain Reflectometry method) hereafter), the latter measurement 
technique and research of the application are advanced positively in recent years. 
[0005] This TDR method is an approach of impressing the excitation signal (for example, step pulse) 
of a specific wave to a sample, observing that reflected wave, asking for the complex permittivity of a 
sample from the phase of each frequency component of a reflected wave, and a strong change, and 
getting to know the physical properties of a sample based on it. For example, the example which 
performed a living body's water measurement by the TDR method is indicated by JP.2-1 10357,A 
(bottom right column of 1 7 lines of - of ten lines the 7th page of the 4th page top right column of this 
official report). According to this approach, since the moisture content in a sample can be measured 
in un-destroying and quantitatively and the information about the condition of the water whether to 
be free water or to be bound water can also be acquired, it is desirable. 

[0006] Drawing 7 is a schematic diagram of a probe and a system used for measurement of this 
dielectric relaxation. As shown in this drawing, as a probe 1 used for measurement of dielectric 
relaxation, what formed the single electrode 2 in the tubed probe case 3 is used. The electrode 2 of a 
probe 1 is opened so that an end can stick to Sample S, and the other end has connected it with the 
oscillation and the receiving set 6 through a cable 4 and a connector 5. The receiver which receives 
the oscillator which generates an excitation signal, and the reflected wave from Sample S is built in 
this oscillation and receiving set 6, and the oscilloscope which displays each wave further has 
connected with it. Moreover, the oscillation and the receiving set 6 were asked for complex 
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permittivity from the observation wave, and the computer 7 which computes moisture concentration 
has connected with it. 

[0007] Drawin g 8 is the sectional view of the electrode 2 used for a probe 1. As shown in this 
drawing, an electrode 2 consists of a core wire-like internal electrode 21 and an external electrode 
23 arranged on the perimeter in the shape of the same axle through the insulator 22, and the apical 
surface of an internal electrode 21 and the apical surface of the external electrode 23 constitute the 
contact surface over a test portion. 

[0008] It is the sectional view of modification 2x of the electrode with which drawin g 9 is also used 
for a probe 1 . Like [ these electrode 2x ] the electrode 2 of drawin g 8 , although it consists of a core 
wire-like internal electrode 21 and an external electrode 23 arranged on that perimeter in the shape 
of the same axle through the insulator 22, those paths are narrowed, fixing the ratio of the bore of an 
internal electrode 21 and the external electrode 23 toward an apical surface from the center section 
of electrode 2x. Thus, the path of the apical surface of the internal electrode 21 which will touch a 
sample can be narrowed, and the electric merit of an electrode can be shortened by making area of 
the apical surface small. Moreover, it is desirable to face to narrow the path of the apical surface of 
an internal electrode 21, and to make the impedance in an electrode regularity in the location of the 
arbitration of an electrode by making regularity a ratio with the bore of an internal electrode 21 and 
the external electrode 23 in this way. It enables this to prevent the multiple echo at the time of 
dielectric relaxation measurement. 
[0009] 

[Problem(s) to be Solved by the Invention] However, in the water measurement by the conventional 
TDR method, the average moisture content of the sample surface in a certain Mr. Fukashi cannot 
only pass from a sample front face to understand, and concentration distribution of the water of the 
depth direction of a sample cannot be known. Therefore, the problem that a chemical, cosmetics, etc. 
which were applied to the property of a sample, analysis of a condition, or a sample could not be 
evaluated was in the detail. 

[0010] In addition, the tape stripping method which measures the surface of a sample as an approach 
of searching for concentration distribution of the depth direction of a sample while exfoliating for 
every predetermined depth is learned. However, such an approach has the problem that it is 
accompanied by an examiner s-ed pain, when making especially the skin into a sample with 
destruction of a sample. Moreover, there is also a problem that concentration distribution of the 
depth direction cannot be searched for in sufficient precision. 

[001 1] this invention persons are electric merit gammad to such a problem. By measuring the 
dielectric constant of a sample using an open sand mold electrode, it is depth abbreviation [ from a 
sample front face ] gammad. It found out that the average moisture content of the range could be 
measured. Furthermore, when a dielectric constant was measured using two or more open sand mold 
electrodes with which electric length differs to the same part of a sample, fixed relational expression 
was materialized between the electric length of each electrode, and the measured value of a 
dielectric constant, and the concentration distribution measuring method of water was proposed for 
the ability of concentration distribution of the water of the depth direction of a sample to be 
searched for based on it based on headers and these knowledge (Japanese-Patent-Application-No. 
No. 150910 [ seven to ] description). 

[0012] That is, it was found out that measured-value epsilonobs (gammad) of a dielectric constant is 
expressed with a degree type (1). 
[0013] 
[Equation 1] 

£ obs (rd) = rd J 7^ " exp <-x/rd) dx (1) 

°} o dz/e (z) 

The inside of a formula and epsilonobs (gammad) are electric merit gammad. The measured value of 
the dielectric constant measured using an electrode is expressed. 

[0014] epsilon (z) expresses the dielectric constant in the depth of z from a front face. This dielectric 
constant means the sum of dielectric constant epsiloninfinity in a field quicker enough than the 
relaxation time of water and relaxation on-the-strength deltaepsilon of water in dielectric constant 
measurement, and relaxation on-the-strength deltaepsilon of this water is proportional to the 
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moisture content of a sample. 

[0015] electric length gammad of an electrode the degree type (2) which is the relational expression 
of the electromagnetic wave V (omega) and its reflected wave R (omega) concerned at the time of 
preparing the load of complex permittivity epsilon* (omega) in the end of the transmission line of a 
coaxial cable etc., and impressing the electromagnetic wave V of angular frequency omega (omega) 
from the other end, and complex permittivity epsilon* (omega) of a load — setting — parameter 
gammad ****** — it is contained. 
[0016] 
[Equation 2] 

£ * = c v(«) - R(a>) . 
J cd • rd V (oi) + R (a>) 

(2) 

(tts c 

i 

2 = &> d^/e* (cu) /c 



This electric merit gammad It can ask by immersing an electrode point in the well-known standard 
sample by which complex permittivity epsilon* (omega) is known 1cm or more from an apical surface, 
without covering an electrode lateral portion with an insulator, and measuring a reflected wave. 
[0017] Moreover, electric length gammad It is the physical quantity of the electrode proper which 
becomes settled with the configuration and magnitude of an electrode, and is not dependent on a 
measuring method. Therefore, also in the measuring method of which dielectric relaxation of a 
frequency-domain measuring method or a time domain reflection method (the TDR method), the 
electric length of an electrode is fixed. 

[0018] Then, the dielectric constant of the same part of a sample is measured using two or more 
electrodes with which electric length differs first in searching for moisture concentration distribution 
of the depth direction in a sample using the above-mentioned formula (1) according to the measuring 
method which this invention persons proposed, and it is electric merit gammad. Measured-value 
epsilonobs (gammad) of a dielectric constant is obtained for every different electrode. And it asks for 
dielectric constant epsilon (x) in the depth x as concentration distribution of the water of a sample by 
either the following approach a or the approach b. 

[0019] Approach a: A suitable function is assumed to waters concentration distribution epsilon (x), 
and define the parameter of the function suitably further, while changing these parameters (for 
example, concentration, the depth, etc. in the part by which the concentration gradient of water and 
the concentration of water become fixed), calculate dielectric constant epsilonobs (gammad) by the 
formula (1), and ask for a function and a parameter in case the calculated value and actual measured 
value are in agreement. 

[0020] Approach b: The degree type which is an inverse transformation type of a formula (1) (3) 

[0021] 

[Equation 3] 



( L-1 expresses inverse Laplace transform to s= 1 /gammad among a formula.) — it asks for 
waters concentration distribution epsilon (x). 

[0022] Thus, electric merit gammad The dielectric constant of the same part of a sample is measured 
using two or more different electrodes, and it is electric merit gammad. Concentration distribution of 
the water of the depth direction of a sample can be known by [ different ] obtaining measured-value 
epsilonobs (gammad) of a dielectric constant for every electrode. 

[0023] However, it sets to the gaging system of old dielectric relaxation, and is electric merit 
gammad. The probe which has electric predetermined merit's electrode whenever it measures with 
the electrode with which electric length differs, in order to ask for a dielectric constant for every 
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different electrode had to be exchanged, and there was a problem that measurement actuation 
became very complicated. Moreover, since the total measuring time became long, when concentration 
distribution of the water in a sample changed with time, there was also a problem that exact 
concentration distribution could not be acquired. 

[0024] Moreover, in order to raise the accuracy of measurement to a case in quest of the moisture 
concentration in a certain specific depth, to measure at least the same test section repeatedly with 
the same electrode is desired. Therefore, there was a problem that the measuring time became long 
also in this case, and in order to apply an electrode at least to the same test section repeatedly 
further, there was also complicatedness that attention had to be paid. 

[0025] This invention tends to solve the technical problem of the above conventional techniques, and 
it aims at it being accurate and enabling it to measure moisture concentration distribution of a sample 
simple within the practical measuring time. 
[0026] 

[Means for Solving the Problem] this invention person by preparing two or more electrodes with 
which electric length differs in one probe which measures dielectric relaxation That moisture 
concentration distribution of the depth direction of a sample can be once measured efficiently by 
measurement actuation, and by preparing two or more equal electrodes of electric length in one 
probe It came to complete [ the moisture concentration of the specific depth of a sample ] a header 
and this invention for accuracy and being obtained simple by measurement actuation once. 
[0027] That is, the multi-probe for dielectric relaxation measurement with which the electrode for 
dielectric relaxation measurement with which this invention consists of a core wireHike internal 
electrode and an external electrode arranged on the internal electrode in the shape of the same axle 
through the insulator, and the apical surface of an internal electrode and the apical surface of an 
external electrode turn into the contact surface over a sample is characterized by preparing more 
than one in one probe is offered. 

[0028] The electric length of the mode from which the electric length of two or more electrodes 
especially prepared in one probe differs mutually, or two or more electrodes which are prepared in 
one probe offers an equal mode mutually. 

[0029] According to this invention, since two or more electrodes for dielectric relaxation 
measurement are prepared in one probe, the measurement actuation multiple-times needed until now 
can be reduced. In order to measure concentration distribution of the moisture of the depth direction, 
even when the thing from which electric length differs and which is searched for for a dielectric 
constant for every electrode is needed according to the mode of this invention by which two or more 
electrodes for dielectric relaxation measurement with which electric merits differ mutually are 
especially prepared in one probe, exchange of a probe can be made unnecessary or it can reduce a 
turnover rate. Therefore, it becomes possible simple to measure dielectric relaxation of a sample for 
a short time. 

[0030] Moreover, in one probe, electric merit in order to raise the accuracy of measurement of the 
moisture concentration in a certain specific depth according to the mode of this invention in which 
two or more equal electrodes for dielectric relaxation measurement of each other are prepared Since 
a part for multiple times can be simultaneously measured by measurement by one probe even when 
necessary [ to measure a multiple-times repeat dielectric constant with specific electric merit s 
electrode ] The total measuring time can be shortened and the complicatedness of setting an 
electrode at least by the same test section of a sample for every measurement can also be mitigated. 

[0031] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail based on a drawing. In 
addition, the same sign expresses the same or equivalent component among each drawing. 
[0032] DrawingJ_ is the schematic diagram of multi-probe 1A of one example of this invention. In the 
probe case 3, this multi-probe 1A makes four electrode 2a different mutually [ electric length ], 2b, 
and 2c and 2d adjoin, and is prepared. 

[0033] Each electrode 2a. 2b, and a basic configuration (2c and 2d) are the same as that of the 
electrode 2 used for the conventional probe 1 shown in drawin g 8 or drawing 9 , and consist of a core 
wireHike internal electrode 21 and an external electrode 23 arranged on the perimeter in the shape of 
the same axle through the insulator 22. 

[0034] Moreover, although each electrode 2a and 2b differ from electric merit (2c and 2d) as 
mentioned above, respectively, it faces setting up the electric merit of each electrode, and it is 
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desirable to consider each as within the limits of 1-2000 micrometers of electric length, and it may 
be 5-100 micrometers more preferably. The changing wave shape of a reflected wave is too small in 
electric length being less than 1 micrometer, and exact measurement becomes difficult. On the other 
hand, if electric length exceeds 2000 micrometers, attenuation of the signal of a GHz field will 
become large and the accuracy of measurement will fall. 

[0035] Moreover, each electrode 2a, 2b, and electric merit (2c and 2d) choose suitably according to 
the spatial resolving power of the class of sample, the depth which measures moisture concentration, 
and the depth direction made into the object etc. within the limits of above-mentioned. For example, 
the electrode of 5-100-micrometer electric length is used for measurement of moisture 
concentration distribution of a horny layer field. 

[0036] Here, spacing in the apical surface of an internal electrode and an external electrode may be 
changed suitably that what is necessary is just to change suitably the area of the apical surface of 
the electrode with which an internal electrode contacts a sample, for example as an approach of 
changing each electrode 2a, 2b, and electric length (2c and 2d), for example, the consistency of an 
impedance with the coaxial cable which will connect the electrode of 100 micrometers or less of 
electric merits with an electrode for the apical surface of an internal electrode at the time of 
measurement of a dielectric constant by [ of 10 micrometers - 270 micrometers of diameters ] 
supposing that it is circular and setting spacing of an internal electrode and an external electrode to 
10 micrometers - 310 micrometers — good — it can obtain . 

[0037] Two or more electrode 2a, 2b, and probe 1 A that consists of 2c and 2d are used, with either a 
frequency-domain measuring method or a time domain reflection method (the TDR method), the 
approach itself which asks for dielectric relaxation with each electrode is good, and it can be based 
on a respectively well-known approach. For example, the measurement by the TDR method itself can 
be based on the well-known approach indicated by JP.2-1 10357.A etc. 

[0038] Moreover, although the oscillator and receiver for dielectric relaxation measurement are 
connected to each electrode by connecting an oscillation and a receiving set 6 to an electrode 2 on 
the occasion of measurement of dielectric relaxation as shown in drawin g 7 , each electrode may be 
made to correspond, you may connect and an oscilloscope may be made to correspond to two or 
more electrodes, therefore, as a system configuration which measures moisture concentration by 
dielectric relaxation measurement For example, as were shown in drawin g 2 , and the oscillation and 
the receiving set 6 which has an oscilloscope in each electrode 2a in multi-probe 1A, 2b, and 2c and 
2d are connected, and these may be connected to a computer 7 and it was shown in drawin g 3 The 
oscillator of two channels and receiver corresponding to two electrodes may be connected to one 
oscilloscope. 

[0039] Although multi-probe 1 A showed four electrode 2a and 2bs, and the example for which it has 
2c and 2d to drawing 1 , there is especially no limit in the number of the electrodes prepared in a 
multi-probe in this invention. According to the predetermined spatial resolving power of the moisture 
concentration distribution of a depth field and the depth direction made into the class of sample to 
measure, and the object etc., it can set suitably. Although it is desirable since spatial resolving power 
improves so that there are many electrodes used theoretically, it is desirable to consider as 2-30 
pieces for example, from the point of the size of the manufacturing cost of equipment, the time 
amount which count takes, and a practical multi-probe, when measuring moisture concentration 
distribution of the sural region. 

[0040] The need is accepted at multi-probe 1A. In addition, each electrode 2a, 2b, 2c, The guide for 
sticking 2d on a sample front face, each electrode 2a, 2b, 2c. Press means, such as a spring which 
forces 2d on a sample front face by the predetermined pressure, The sensors for acquiring 
information other than moisture simultaneously, for example, a thermo sensor, pH sensor, a Doppler 
blood flow meter, a tintometer, a pressure sensor, the trembler for viscoelasticity measurement, the 
ultrasonic probe for tomography, a microphone, an optical fiber, a 1kHz - 100MHz electromagnetic 
wave receiving set, etc. can be formed. 

[0041] Since the dielectric constant in four different electric merits can be simultaneously measured 
by using this multi-probe 1A, it becomes possible to measure concentration distribution of the 
moisture of the direction of the depth of a sample simple for a short time. 

[0042] As mentioned above, although the mode of this invention by which electric merit prepared 
mutually different four electrode 2a, 2b, and 2c and 2d in [ of one ] multi-probe 1 A was shown, as a 
multi-probe of this invention, the electric merit of two or more electrodes which a multi-probe has 
may be mutually made equal. In this case, the high measurement result of precision can be once 
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obtained by the measurement actuation which used the multi-probe the same with having repeated 
measurement with the electrode of that electric length two or more times. 

[0043] Moreover, although it is the independence-electrode which has four electrode 2a and 2bs, and 
the external electrode with which 2c and 2d were allotted to core wire-like an internal electrode and 
a perimeter in the shape of the same axle through the insulator, respectively and these are bundled 
within the probe case 3 in multi-probe 1A of drawin g 1 In the multi-probe of this invention, it is 
desirable that two or more independent electrodes bundle and the apical surface is arranged on the 
same flat surface as a direction. It needs to be filled up with no external inter-electrode openings of 
each independent electrode, or they may be filled up with an insulator and a conductor. 
[0044] For example, as a mode of the multi-probe of this invention, it is good also as a multi-probe 
constituted in cylinder-like structure inside one conductor (for example, copper) with the external 
electrode of two or more ********** structure, the insulator of the shape of a cylinder arranged 
inside the opening of the shape of each cylinder, and the conductor (internal electrode) of the shape 
of a cylinder arranged inside at the pan of an insulator. Thus, if it should be common in two or more 
electrodes in the external electrode, since it can do more thinly than the case where the diameter of 
the whole multi-probe bundles the electrode of the same number simply, operability improves. 
[0045] On the other hand, a cylinder-like electrode may be prepared in the perimeter of the internal 
electrode of the shape of one core wire in the shape of the same axle through an insulator as a mode 
of the multi-probe of this invention multiplex. When using one of the electrodes of the coaxial 
condition prepared in multiplex in this mode as an external electrode, the same axle-like electrode or 
core wire-like electrode which exists inside it can be used as an internal electrode. For example, as 
shown in drawin g 4 , they are the core wire-like electrode 21, two same axle-like electrode 23A, and 
23B. In the case of the used multi-probe, they are 21-23A, 21-23B, and 23A-23B as a combination 
of an internal electrode-external electrode. It can be used as three kinds of independent electrodes. 
A multi-probe thinner than the multi-probe of the structure which bundled the electrode simply by 
this is producible. 

[0046] There is especially no limit about the sample which the multi-probe of this invention makes 
the measuring object. That from which concentration distribution of water changes near a sample 
front face according to the depth from a sample front face like the thing which has moisture 
concentration especially the skin, and food can be widely made into the measuring object. 
[0047] 

[Example] Hereafter, this invention is concretely explained based on an example. 
[0048] Example 1 (1) As an electrode built in the production multi-probe of an electrode, it has the 
configuration shown in drawin g 8 , and has the configuration which electric merit shows respectively 
to 60,1 15 or the 290-micrometer electrodes E2-E4, and drawin g 9 , and electric length produced the 
1 5-micrometer electrode E1. In this case, as [ both ] an electrode raw material, the internal electrode 
21 and the external electrode 23 were used as copper, and it gold-plated on this front face for 
corrosion prevention. Moreover, the insulator 22 inter-electrode [ these ] was made into Teflon. 
[0049] In addition, the electric length of the formed electrode asked as follows. That is, without the 
dielectric spectrum's having made the standard sample the acetone already known, and covering the 
external electrode side face of an electrode with an insulator, the head of an electrode was dipped in 
the acetone a depth of 1cm or more, and the reflected wave was measured by the TDR method, 
using a step pulse as an excitation signal. And an excitation signal and the measured reflected wave 
are used and it is electric merit gammad. It considered as the parameter and the dielectric spectrum 
was computed from the formula (2). in this case, electric merit gammad Electric merit gammad when 
a dielectric spectrum is computed changing a value and the value of that computed dielectric 
spectrum is most in agreement with the known dielectric spectrum of an acetone Electric merit 
gammad of the electrode concerned ** — it carried out. 

[0050] (2) The multi-probe which contains installation and four electrodes for a multi-probe, and 
production above-mentioned four electrodes of a gaging system in a tubed multi-probe case was 
produced. 

[0051] Moreover, the coaxial cable was connected to four electrodes, respectively, and the SMA 
connector terminal was prepared in the termination. On the other hand, two digital oscilloscopes (the 
product made from Hewlett Packard, HP54750A) which contained two 20GHz channels for TDR 
measurement were prepared, and each connector terminal was connected to the channel of this 
digital oscilloscope. Moreover, it connected with one personal computer and each oscilloscope was 
controlled. 
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[0052] (3) After presupposing that it is at least as a test section about the forearm inside section of 
the measurement people of a dielectric constant and acclimating for 30 minutes by the environment 
of 25 degrees C and 80%R.H. beforehand, the multi-probe was applied to the skin of the forearm 
inside section, and the dielectric constant was measured. Then, it measured at intervals of 2 minutes, 
ventilating the forearm inside section. The relaxation reinforcement of the free water observed with 
each electrodes E1-E4 is shown in a table 1. 
[0053] 
[A table 1] 

The relaxation reinforcement of free water An electrode E1 E2 E3 E4 Electric length gammad 15 60 
115 Before 290 air blasting 33.4 39.2 42.1 45.4 air-blasting 2 minutes 20.1 28.6 33.6 39.8 air-blasting 4 
minutes 14.9 23.7 29.2 36.6 air-blasting 6 minutes 9.9 18.8 24.62 23.9 [0054] By the way, it is thought 
that the water in a skin surface has concentration distribution in the depth direction according to the 
dynamic balance with supply of the water from the depths and evaporation of the water from a front 
face. Moreover, it is thought that supply of the water from the depths is governed by diffusion of a 
Fick mold since there is no blood vessel in a skin surface. Then, it is thought that the concentration 
gradient which moisture concentration increases from the depths linearly toward a front face is 
shown in a skin surface in approximation. Here, if the moisture concentration in the field of b and 
moisture concentration regularity is set with c, the depth which a and a concentration gradient end 
the moisture concentration on the front face of the maximum, and shifts to a fixed moisture 
concentration field can be expressed as the moisture concentration of the depths was shown in 
drawin g 5 from the skin surface. 

[0055] On the other hand, the skin can be approximated if it consists of water and protein. The 
relaxation reinforcement of pure water is 73 and the dielectric constant of the water in a frequency 
domain quicker enough than relaxation of water is 5.3. Moreover, since protein is a far bigger 
molecule than water, relaxation is not caused in the frequency domain which the dielectric relaxation 
of water produces. Although the dielectric constant in a frequency domain quicker enough than 
relaxation of water changes a little with proteinic classes, it can be approximated with the dielectric 
constant 3.3 of the nylon which is a typical polyamide. Then, the dielectric constant (epsilon) of the 
frequency domain which the relaxation process of water ends can be expressed like a degree type (4) 
as a function of the concentration (Cw) of water. 
[0056] 
[Equation 4] 

epsilon=73, Cw+ (5.3-3.3), and Cw+3.3 (4) 

If this formula (4) is applied to moisture concentration distribution (depth x vs. from a surface 
moisture concentration) of drawin g 5 , the depth direction distribution of the dielectric constant in a 
skin front face can be acquired. From drawin g 5 [to 0057 [ namely, ]] 
[Equation 5] 

* © m m < c » > = (c — a) . x + _ 
b 

It comes out, and since it is, a formula (4) can be expressed like a degree type (40. 

[0058] 

[Equation 6] 

epsilon=73- [(c-a) -x/b +a] 

+ 5.3-3.3- [(c-a) -x/b +a] +3.3 (40 

Then, if this dielectric constant distribution is applied to the above-mentioned formula (1), the 
following formulas (5) can be obtained. 
[0059] 
[Equation 7] 



http://www4.ipdl. ncipi.go.jp/cgi-bin/tran_web j:gLejje 



2006/02/23 



JP.10-142169.A [DETAILED DESCRIPTION] 



8/8 v 



dz 



exp 



(7 5a+a 3) +|I5J^a)| x 



dx 



dz 



" <7Sa+3- 3) +[7$ fc-»>)x 6 < ? 5c+a 3) 



expf—^-) dx 
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Electric merit gammad of this formula (5) and the observation of a table 1 to the table 1 A value with 
dielectric relaxation reinforcement can be used by the formula (5), the combination of the value of a, 
b, and c in a formula (5) can be determined that a least square error will become the smallest with a 
simplex method, and concentration distribution of water can be searched for. 

[0060] In this way, concentration distribution of the water for which it asked is shown in drawing 6 . 
Signs that a front face dries by air blasting, and the inclination of the moisture concentration by the 
desiccation reaches even the depths from drawin g 6 can be checked. 

[0061] As mentioned above, if a sample is measured using a multi-probe, it is not necessary to 
exchange a probe for every measurement in the electrode with which electric length differs 
concentration distribution of the water in a sample front face, and it will become possible once by the 
measurement using a multi-probe to ask with a sufficient precision simple. 
[0062] 

[Effect of the Invention] According to this invention, in measuring the moisture concentration of a 
sample in un-destroying according to dielectric relaxation measurement of a time domain reflection 
method (the TDR method) etc., it becomes possible to be accurate and to measure moisture 
concentration distribution of a sample simple within the practical measuring time. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the schematic diagram of the multi-probe of this invention. 

[Drawin g 2] It is system-outline drawing which measures moisture concentration by dielectric 

relaxation measurement using the multi-probe of this invention. 

[Drawin g 3] It is system-outline drawing which measures moisture concentration by dielectric 
relaxation measurement using the multi-probe of this invention. 

[Drawin g 4] It is the perspective view of other modes of the multi-probe of this invention. 
[Drawin gjl When the skin is made into a test portion, it is related drawing assumed from a front face 
to the depth and moisture concentration. 

[ Drawin g 6] When the skin is made into a test portion, it is related drawing of the measurement depth 
and moisture concentration which were called for by the approach of an example. 
[Drawin g_7] They are the conventional probe for dielectric relaxation measurement, and system- 
outline drawing which measures moisture concentration by dielectric relaxation measurement using 
the probe. 

[Drawin g 8] It is the sectional view of the electrode for dielectric relaxation measurement. 
[Drawin g 9] It is the sectional view of the electrode for dielectric relaxation measurement. 
[Description of Notations] 
1A Multi-probe 

2 Electrode for Dielectric Relaxation Measurement 

3 Probe Case 

4 Coaxial Cable 

5 Connector 

6 Oscillation and Receiving Set 

21 Internal Electrode 

22 Insulator 

23 External Electrode 
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[ Drawin g 8] 
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[Drawing_9] 
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[ Drawin g 2] 




[ Drawin g 3] 
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[ Drawin g 4] 
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[Drawin g 6] 
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